INTRODUCTION
Human papillomavirus (HPV) is the most common sexually transmitted infection in the USA, 1 and infections can cause several adverse health outcomes. Oncogenic HPV types are associated with several cancer types, including cervical, vaginal, vulvar and anal cancers. 2 In fact, persistent infection with oncogenic HPV types causes almost all cervical cancers. 2 Non-oncogenic HPV types can cause anogenital warts. 3 A large body of research has examined the burden of HPV infection among sexual minority men, 4 but much less is known about infection among sexual minority women (ie, women who identify as non-heterosexual or have a history of same-sex sexual partners). Data suggest there are over four million sexual minority women in the USA. 5 Many sexual minority women lack knowledge about HPV and perceive themselves to be at very low risk for HPV infection, [6] [7] [8] [9] even though they are in fact at risk. HPV can be transmitted between female sexual partners, 10 and many sexual minority women have current or past male sexual partners from whom they could have acquired HPV. 11 The lack of knowledge and low perceived risk for HPV infection may be due in part to sexual minority women often not being mentioned specifically in sexual health education programmes and materials, sexual health policies or cervical cancer screening guidelines. 9 12 13 Only a few studies have examined the prevalence of genital HPV infection among sexual minority women, with estimates ranging from 13% to 51% for infection with any type of HPV. 10 14-16 There may be several reasons for the heterogeneity of these estimates, including some studies relying on convenience samples of women from a limited geographic area, modest sample sizes and differences in HPV testing methodology.
Research examining HPV infection among sexual minority women is also affected by the complexities of assessing and operationalising sexual orientation, which is a multidimensional construct. Two dimensions of sexual orientation are sexual identity (ie, considering oneself to be lesbian, bisexual, heterosexual, etc.) and sexual behaviour (ie, having sex with opposite-sex partners, same-sex partners, etc.), and there is discordance between these dimensions (eg, not all women with a history of same-sex partners identify as lesbian or bisexual). 17 Further, each dimension can be operationally defined in various ways, including aggregating sexual minority women into a single analytical group (eg, combining lesbian and bisexual women) and disaggregating women into analytical subgroups due to potential heterogeneity between subgroups. 17 Past studies have shown health outcomes vary by which dimension of sexual orientation is examined and by the way each dimension is operationally defined. 17 18 Thus, to effectively intervene and communicate information about HPV infection among sexual minority women, it is important to examine multiple dimensions of sexual orientation and multiple operational definitions within each dimension.
The current study examined genital HPV infection among a population-based national sample of sexual minority women from the National Health and Nutrition Examination Survey (NHANES). In doing so, we examined the prevalence of HPV infection for two dimensions of sexual orientation (sexual identity and sexual behaviour) and multiple operational definitions within each dimension. Results will provide valuable data on HPV infection among sexual minority women, which will be highly useful in informing future HPV and cervical cancer prevention efforts.
METHODS

Study design
We conducted secondary analyses of public-use data from the NHANES, which is described extensively elsewhere. 19 Briefly, the NHANES is conducted by the Centers for Disease Control and Prevention (CDC) to assess the health and nutritional status of adults and children in the USA. To obtain a nationally representative sample of the USA non-institutionalised civilian population, the NHANES uses a complex, stratified, multistage probability sample design with unequal probabilities of selection. The NHANES collects data from consented individuals through in-person questionnaires and physical examinations. Questionnaires are completed in participants' homes, with audio computer-assisted self-interviewing (ACASI) software used to ensure privacy for sensitive questions (eg, sexual identity and behaviour). These represent all cycles that collected cervicovaginal samples for HPV testing and had public-use datasets available at the time of our study. The NHANES is a series of cross-sectional surveys, meaning that each cycle is independent from other cycles. Data from multiple cycles can, however, be combined and analysed. 19 We analysed data on a total of 7132 women from the 2003-2012 NHANES that were aged 20-59, provided cervicovaginal samples that were adequate for interpretation of HPV testing results and answered survey items regarding sexual orientation (sexual identity and/or sexual behaviour). We could not include female participants aged 14-19 who provided cervicovaginal samples, because sexual orientation data for these ages are not included in public-use datasets. Response rates for women aged 20-59 were over 70% for all NHANES survey cycles examined. 19 Data collection for the NHANES received approval from the National Center for Health Statistics Research Ethics Review Board. The Institutional Review Board at the Ohio State University deemed our secondary analyses did not meet the definition of human subjects research.
Specimen collection and HPV testing
Women self-collected a cervicovaginal specimen using a swab (Catch-All Sample Collection Swab; Epicentre). HPV DNA testing was performed on the collected specimens using the Research Use Only Linear Array (LA) genotyping test (Roche Diagnostics). The test included probes to detect 37 HPV types (6, 11, 16, 18, 26, IS39 ) and (c) infection with a vaccine HPV type (6, 11, 16, 18 , 31, 33, 45, 52 or 58). We used the same high-risk HPV classification scheme as past analyses of NHANES data. 15 The vaccine HPV types are those types protected against by at least one of the currently available HPV vaccines. 20 
Questionnaire data Sexual identity
The NHANES assessed sexual identity with the item, "Do you think of yourself as…". Responses included heterosexual or straight (hereafter, 'heterosexual'); bisexual; homosexual or lesbian (hereafter, 'lesbian') or other. We used the resulting data to create two operational definitions of sexual identity for analyses. The first definition aggregated women with a non-heterosexual identity, resulting in two analytical categories: heterosexual or non-heterosexual (ie, bisexual, lesbian and other). In accordance with recent recommendations, 17 the second definition disaggregated the 'non-heterosexual' group, resulting in four analytical categories: heterosexual; bisexual; lesbian or other.
Sexual behaviour
The NHANES collected information on respondents' lifetime reports of sex (vaginal, anal or oral) with males and females separately. We used these data to create two operational definitions of sexual behaviour for analyses. The first definition aggregated women who reported same-sex partners, resulting in three analytical categories: opposite-sex only; any same-sex or no sex. The second definition disaggregated the 'any same-sex' group, resulting in four analytical categories: opposite-sex only; both sexes; same-sex only or no sex.
Demographic and health-related characteristics
The NHANES assessed various demographic and health-related characteristics (table 1) .
Data analysis
We conducted parallel analyses for each dimension of sexual orientation (sexual identity and behaviour). Applying the aggregated and disaggregated operational definitions of each dimension, we first determined the prevalence of each HPV infection outcome. We then constructed logistic regression models for each outcome separately, producing ORs and 95% CIs. Bivariate models contained only measures of sexual identity or behaviour (either the aggregated or disaggregated operational definitions for a given dimension) and controlled for NHANES survey cycle (to account for potential temporal effects). Multivariate models controlled for NHANES survey cycle and demographic and health-related characteristics. Analyses applied procedures for analysing complex survey data in SAS V.9.3 (Cary, North Carolina, USA) and appropriate sampling weights in determining percentages and effect estimates. Frequencies were not weighted. Statistical tests were two-tailed, with a critical α of 0.05.
RESULTS
Participant characteristics
Most women (93.6%) were identified as heterosexual, with 3.4% identified as bisexual, 1.2% as lesbian and 1.8% as other (table 1). Sexual behaviour followed a similar pattern, as most women reported only opposite-sex partners (88.0%), with fewer reporting partners of both sexes (8.4%), only same-sex partners (0.3%) or no sex (3.4%). Most women were <50 years old (75.1%), non-Hispanic white (67.9%), married or living with a partner (63.7%), had at least a high school degree (85.6%) and were at or above poverty level (84.6%). Sexual minority women, whether defined by sexual identity or behaviour, differed from other women on almost all demographic and health-related characteristics examined (all p<0.05; see online supplementary appendix 1).
HPV infection
Among all women, the prevalence of any HPV type was 41.6%. About 28.5% of all women were infected with a high-risk HPV type, and about 14.1% were infected with a vaccine HPV type.
Sexual identity
Overall, about 49.7% of non-heterosexual women were infected with HPV, 37.0% were infected with a high-risk HPV type and 16.7% were infected with a vaccine HPV type ( figure 1A) . In bivariate analyses, non-heterosexual women had greater odds of infection with any HPV type (OR=1.44, 95% CI 1.16 to 1.78) and with a high-risk HPV type (OR=1.52, 95% CI 1.20 to 1.93), compared with heterosexual women (table 2). These differences were attenuated in multivariate analyses (all p>0.05).
When disaggregated, HPV infection outcomes varied greatly among non-heterosexual women (figure 1B). Outcomes were most common among bisexual women and lowest among lesbian women, and this was seen for infection with any HPV type (bisexual=57.7%, lesbian=35.5%), a high-risk HPV type (bisexual=43.6%, lesbian=26.7%) and a vaccine HPV type (bisexual=20.6%, lesbian=9.7%). In bivariate analyses, bisexual women had greater odds of all HPV infection outcomes compared with heterosexual women (all p<0.05), but these differences were no longer statistically significant in multivariate analyses (all p>0.05) (table 2). In multivariate analyses, lesbian women had lower odds of infection with any HPV type (OR=0.43, 95% CI 0.25 to 0.72) and with a vaccine HPV type (table 2) . Most of the differences were attenuated in multivariate analyses, though women who reported no sex continued to have lower odds of all HPV infection outcomes compared with women who reported only opposite-sex partners (all p<0.05). When disaggregated, HPV infection outcomes were highest among women who reported partners of both sexes (any HPV type=56.5%; high-risk HPV type=38.0%; vaccine HPV type=19.4%) (figure 2B). Prevalence estimates were lower among all other analytical groups, including women who reported only same-sex partners (any HPV type=34.0%; highrisk HPV type=29.7%; vaccine HPV type=8.5%). In bivariate analyses, women who reported a history of partners of both sexes had greater odds of all HPV infection outcomes compared with women who reported only opposite-sex partners (all p<0.05) (table 2). These differences were again no longer statistically significant in multivariate analyses (all p>0.05). In multivariate analyses, women who reported only same-sex partners had lower odds of infection with any HPV type (OR=0.30, 95% CI 0.11 to 0.80) and with a vaccine HPV type (OR=0.25, 95% CI 0.07 to 0.96) compared with women who reported only opposite-sex partners. Women who reported no sex also had lower odds of all HPV infection outcomes (all p<0.05).
DISCUSSION
Sexual minority women are at risk for HPV infection; yet, past studies examining the prevalence of infection among this population have often been limited by convenience samples and modest sample sizes. 10 14-16 Among a population-based national sample, we found that, whether defined by sexual identity or behaviour, about half of sexual minority women had some type of HPV infection, over one-third were infected with a high-risk HPV type and nearly 20% were infected with a vaccine HPV type. Previous studies reported estimates ranging from 13% up to 51% for infection with any HPV type among sexual minority women. 10 14-16 Our results provide the most comprehensive data to date on HPV infection among sexual minority women and suggest the prevalence is likely towards the higher end of this range.
The current study is the first, to our knowledge, to examine HPV infection across multiple dimensions of sexual orientation and apply multiple operational definitions within each dimension. Although the overall pattern of results between sexual identity and behaviour was qualitatively similar, prevalence estimates between dimensions differed quantitatively by up to 6.2%. For example, when examining sexual identity, we found that 49.7% of non-heterosexual women were infected with any HPV type, but when examining sexual behaviour, 55.9% of women who reported any same-sex partners were infected with any HPV type. Importantly, much larger within-dimension variations existed when examining disaggregated subgroups of sexual minority women (eg, HPV infection outcomes were much more common among bisexual women compared with lesbian women). These results provide further support that treating sexual minority women as a homogenous group obscures important differences that exist among the disaggregated subgroups. 17 Thus, to fully capture the complex relationship between sexual orientation and health outcomes, it is necessary to assess multiple dimensions of sexual orientation and apply different operational definitions within each dimension.
We believe our results have additional implications because they can be used to help inform future HPV and cervical cancer prevention efforts targeting sexual minority women. Research suggests that fewer than half of young sexual minority women have received any doses of HPV vaccine, 21 and sexual minority women, particularly those who identify as lesbian or report only same-sex partners, are less likely to have had a recent Pap test compared with heterosexual women. 22 23 There are several reasons why sexual minority women are not receiving these health services, including lower access to and use of healthcare, lack of health insurance, past experiences of discrimination in receiving healthcare, concerns about disclosure of sexual orientation and knowledge deficits about HPV and cervical cancer (including misperceptions that they are at low risk for these health outcomes). 9 12 13 Future efforts promoting cervical cancer screening and HPV vaccine are therefore needed for this population, particularly since sexual minority women are often not mentioned in sexual health education programmes and materials, sexual health policies or cervical cancer screening guidelines. 9 12 13 Our results offer novel insight on the prevalence of HPV infection among sexual minority women, which can be further tailored to specific audiences by sexual identity or sexual behaviour subgroup. Such information is needed to effectively communicate with sexual minority women about their risk for HPV infection, which in turn may help motivate cervical cancer screening and HPV vaccination behaviours. It will also be important for future efforts to educate sexual minority women about modes of HPV transmission. Specifically, women should know that HPV can be transmitted between female partners 10 and through various forms of contact (eg, genital-genital, anal-genital, oral-genital and digital-genital) and the sharing of sex toys. 24 25 Our results can also be used to help educate healthcare providers about HPV infection among sexual minority women and the importance of Pap testing and HPV vaccine for this population. Healthcare providers and their recommendations play a key role in whether or not women receive these health services; 21 26 yet, many providers may not receive adequate training and support in understanding the health needs of sexual minority women. Indeed, medical schools report a median of only 5 h of content related to sexual minority health in their curriculum. 27 It is critical that healthcare providers and medical students are better educated about the health needs of this population and trained in effective, culturally sensitive communication. 12 Related healthcare settings should be a safe environment where patients are comfortable discussing sensitive topics, such as sexual identity and sexual behaviour. This is important since disclosure of sexual orientation is correlated with receipt of preventive services, including Pap testing, among sexual minority women. 26 28 Study strengths include analysing data from a populationbased national sample of sexual minority women and infection data based on HPV DNA testing. We were able to examine two dimensions of sexual orientation and apply multiple operational definitions within each dimension. The distribution of sexual identity in our study mirrors patterns from other large studies, 5 giving us further confidence in sample validity. Our study also has several limitations. Although HPV DNA testing is a strong indicator of current HPV infection, it does not measure lifetime exposure since some HPV infections clear from the body. 15 Data on sexual identity and behaviour were self-reported by participants and may be subject to social desirability bias, but the ACASI software used can increase response accuracy. 29 Our measure of sexual behaviour was based on participants' lifetime sexual behaviour, and few women reported only same-sex partners. We were not able to account for HPV vaccination status because this was not assessed for all survey cycles. However, HPV vaccine was not available until 2006 in the USA, and uptake was very low among adult women during the years included in analyses. 30 Our study suggests HPV infection is common among sexual minority women, and many are infected with a high-risk HPV type or a type that could be protected against by HPV vaccine. Prevalence estimates varied slightly between sexual orientation dimensions and greatly depending on how a dimension was operationally defined, underscoring the importance of examining sexual minority status using various approaches. Our results can inform future HPV and cervical cancer prevention efforts that target sexual minority women and healthcare providers.
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Key messages
▸ Genital human papillomavirus (HPV) infection is common among sexual minority women. ▸ HPV prevalence estimates vary slightly between sexual orientation dimensions and greatly depending on how a dimension is operationally defined. ▸ Results can inform future HPV and cervical cancer prevention efforts that target sexual minority women.
